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Nutritional characterizationAbstract The ecological and economical significances of macrophytes, inhabiting the Mediter-
ranean Lagoon, Bardawil, northern Sinai, Egypt, are still ambiguous, due to lack of knowledge.
This study focused on genetic and nutritional characterization of three dominant macrophyte spe-
cies at Bardawil Lagoon. Genetic identifications were done through genomic DNA extraction, fol-
lowed by PCR amplifications and sequencing of 18S rRNA genes of the studied species.
Phylogenetic analyses indicated that two of the recorded species showed homologies with the sea-
grass species, Posidonia oceanica and Halophila ovalis, with nucleotide identities 94.5% and 96.8%,
respectively. The third species showed a unique phylogenetic lineage, representing nucleotide iden-
tity average, 86.5%, among the brown seaweeds, Heterokontophyta. Nutritional analyses indicated
that the recorded seaweed-like macrophyte had the highest recommended nutritional contents,
crude protein, 24.67%, with a total amino acid composition of 6.64 g/100 g protein, and carbohy-
drate, 38.16%, besides a calorific value of 3.063 K cal/g, among the studied macrophytes. To the
best of our knowledge, this is the first attempt to characterize macrophyte community in Bardawil
Lagoon, using both genetic and biochemical approaches.
 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Macrophytes, including aquatic plants and macro-algae, grow
in or near water and are either submergent, or floating. In shal-
low waters, macrophytes provide cover for fish and substratefor aquatic invertebrates, produce oxygen, and act as food
for some fishes and wildlife.
Bardawil is a hypersaline Lagoon located at the north coast
of the Sinai Peninsula, at longitudes, 32400 and 33300 E and
latitudes, 31030 and 31140 N, Egypt. The Lagoon is separated
from the Mediterranean Sea by a narrow sandbar and covering
an area of about 700 km2. The Lagoon is shallow, reaching a
depth of about 3 m, and consequently, photosynthesis activity
covers the whole water column, from the bottom to the surface
(Touliabah et al., 2002). The floor of the Lagoon is covered
with mats of macrophytes, in the form of seagrasses, which
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the ecosystem (El-Bana et al., 2002). Seaweeds are widely dis-
tributed at the surface water, near the west inlet of the Lagoon
(El-Bana et al., 2002). The pollution-free water of the Lagoon
displays a wide distribution of macrophytes, which may have
several industrial applications.
Due to the reduced morphological traits and the high phe-
notypic plasticity, molecular methods might help to clarify the
taxonomy and differentiation among different macrophytes,
including seagrass and seaweed taxa. However, so far there
is insufficient molecular data set for genotyping seagrass and
seaweed species, and more work has to be done to close this
gap of knowledge. Genetic analyses, based on rRNA genes,
hold the promise of increased clarification of macrophyte iden-
tities, when joined with morphological and anatomical studies,
as well as increased understanding of the species diversity and
distribution worldwide (Nguyen et al., 2014). 18S rRNA gene
has been utilized extensively in phylogenetic studies in many
seagrass and seaweed families and has been particularly useful
in improving our understanding of species relationships within
these families (Baldwin et al., 1995; Verlaque et al., 2003).
The global diversity of seagrass species is low. There are 12
genera with some 58 species of known seagrasses (Kawaguchi
and Hayashizaki, 2011; Papenbrock, 2012). The global distri-
bution of seagrass genera is remarkably consistent in the
northern and southern hemispheres, sharing ten seagrass gen-
era and only has one unique genus each. Some genera are
much more spacious than others. The genus Halophila has
been considered as the most common seagrass species
(Nguyen et al., 2014). The Mediterranean Sea has clear water
with vast meadows of a moderate diversity of seagrasses
(Pergent et al., 2014).
Seaweeds occupy a wide range of ecological niches. For
example, brown algal flora, a target of this study, showed
the greatest diversity in the North Atlantic; recording 127 gen-
era (Wysor and De Clerck, 2003).
Most of the macrophytes have varieties of chemical compo-
sitions, characters to be applied in food, phycocolloids, fertiliz-
ers and production of bioactive compounds (Misˇurcova´, 2012).
The biochemical contents of some macrophytes have been stud-
ied in some area of the Mediterranean Sea (Rotini et al., 2013).
The nutritional values of the two seagrasses,Cymodocea nodosa
and Posidonia oceanica, and their potential use as fertilizers
were evaluated in five sites along the western EgyptianMediter-
ranean coast (Shams El Din and El-Sherif, 2013).
Recently, seaweed consumption is increasing due to their
high nutritional values. Red and brown seaweeds have been
used as human and animal food sources. However, they
contain 80–90% moisture and their dry weights contain 50%
carbohydrates, 1–3% lipids, and 7–38% minerals (Burtin,
2003). Seaweeds have variable protein contents, 10–47%,
showing high proportions of essential amino acids (Garcı´a-
Casal et al., 2007).
Molecular characterization and nutritional values of
macrophytes, mainly seagrasses and seaweeds, in Bardawil
Lagoon have not been studied, and consequently, the benefi-
cial tasks of the species are still unknown. In this study, dom-
inated macrophyte species in Bardawil Lagoon were
characterized based on two approaches. The first approach
included molecular characterization based on 18S rRNA gene
analyses. The objective of the second approach was measuring
the nutritional values, including crude protein, amino acidcomposition, lipid, ash, crude fiber and carbohydrate of the
studied macrophytes.
Materials and methods
Sample collection
Three dominant macrophyte species were collected during
summer season from Bardawil Lagoon (Fig. 1). The first spe-
cies, Macrophyte.1, (Fig. 2a) grows in dense meadows at depth
of average 1 m. The leaves were ribbon-like, appearing in tufts
of up to 1 m long. Average leaf width was around 10 mm. The
leaves were green perhaps turning brown, in some parts, with
age, and had 13–17 parallel veins. The second species, Macro-
phyte.2, (Fig. 2b) looks like a small herbaceous plant that
occurs in the Lagoon bed. The leaves were ovate in outline,
appearing light green. The roots are up to 800 mm long and
covered in fine root hairs. The third species, Macrophyte.3,
(Fig. 2c) was recorded floating on the surface of the water,
near the west inlet of the Lagoon. The species was typically
long, with hollow rope-like brown fronds about 5 mm in diam-
eter, but can reach to lengths of 2 m.
The macrophytes were collected from the field by hand-
picking and washed thoroughly by using filter sterile seawater
to remove epiphytes, sand and debris, and then transported to
the laboratory.
Molecular analyses
The collected macrophytes were cut into pieces and treated
with SET buffer, 20% sucrose, 50 mM EDTA, 50 mM Tris–
hydrochloride, pH 7.6 (Somerville et al., 1989) for molecular
analyses. Genomic DNAs were extracted by homogenizing
with glass beads. The homogenates were chemically lysed,
using a mixture of 5 M guanidine thiocyanate and 10% SDS
at 80 C for 20 min with a continuous vigorous shake. Geno-
mic DNAs were purified from the crude lysate, using Power-
Plant Pro DNA Isolation Kit (catalog no. 13400-50, Mo Bio
Laboratories, Carlsbad, CA). The purified DNAs, extracted
from all samples, were run on 0.9% agarose gel electrophore-
sis, followed by staining with ethidium bromide and UV
visualization.
PCR amplifications of the macrophyte 18S rRNA gene,
from the purified genomic DNAs, were carried out using the
primer sets, Eukarya-63F, 50-ACG CTT GTC TCA AAG
ATT A-30; and Eukarya-1818R, 50-ACG GAA ACC TTG
TTA CGA-30 (Lepere et al., 2011). PCR reaction mixture,
50 ll, contained 10 EX taq buffer II (Mg2+ plus), 0.2 lM
primer, 400 lM dNTP each, 2.25U Takara EX-Taq Poly-
merase (Takara, Japan) and 5–30 ng DNA template. PCR
was performed with an initial denaturation step of 5 min at
95 C. The PCR reaction continued with 30 cycles of 1 min
at 95 C, 40 s at the annealing temperature, 55 C, and 1 min
extension at 72 C. The PCR products were cut from the gel
and eluted using QIAquick Gel Extraction Kit, catalog no.
28704, Qiagen, USA. The purified 18S rRNA gene amplicons
were analyzed directly by sequencing, using 3500 series genetic
analyzer (Life Technology, CA, USA).
The sequences were submitted to FASTA screening to
determine their similarity with known macrophyte sequences
in the DNA database. Construction of phylogenetic trees
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Figure 1 Map showing the sites of sampling marked by black circles.
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Figure 2 Morphology of the collected macrophytes, Macrophyte.1 (a), Macrophyte.2 (b) and Macrophyte.3 (c).
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process, the nucleotide sequences of the recovered macrophyte
18S rRNA genes and their homolog sequences, from the DNA
database, beside out-group sequences, were aligned using the
online program ‘‘Clustal Omega”, http://www.ebi.ac.uk/
Tools/msa/clustalo/. In the second process, the aligned
sequences, including the sequence gaps, were submitted to
the MEGA software, V. 6.06, http://www.megasoftware.net/,for drawing the phylogenetic tree. Bootstrap method, provided
as a phylogeny test, in the MEGA software, was performed
using 500 Bootstrap replications. Phylogenetic trees were con-
structed by applying the neighbor joining algorithm. The
branching patterns of the constructed tree were in agreement
with other compared algorithms, maximum parsimony and
maximum likelihood, in the same MEGA software, data not
shown.
2 3 1 M 
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Figure 3 Gel electrophoresis photo shows the PCR amplifica-
tions of 18S rRNA gene from Macrophyte.1, lane 1; Macro-
phyte.2, lane 2 and Macrophyte.3, lane 3. (M) is 100-bp DNA
ladder as a marker.
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The collected macrophyte species were dried in a force-dried
oven at 60 C for 24 h and allowed to reach equilibrium with
the moisture level in room air. About 50 g of each dried species
were ground to particles, 1 mm size, and placed in moisture-
free plastic bags for later chemical analyses.
Measuring of crude protein, crude lipid, crude fiber, ash
contents and total carbohydrate was done according to the
standard methods of AOAC, (Cunni, 1995). Crude protein
was determined, through AOAC, method number 984.13, by
micro-Kjeldhal, N  6.25, using Kjeltech auto analyzer,
Model 1030, Tecator, Ho¨gana¨s, Sweden. Crude lipid, ether-
extract, was determined by Soxhlet with diethyl ether (40–
60 C) (AOAC, 1995, method number 920.39). Crude fiber of
the studied macrophytes was determined using the method of
Van Soest et al. (1991). Carbohydrate, nitrogen-free extract,
content was computed by taking the sum of values for crude
protein, lipid, fiber and ash, then, subtracting this sum from
100.
The calorific values of the studied species were calculated,
using the known conversion values, 5.65, 4.2 and 9.45 K cal/
g, to convert protein, carbohydrate and lipid contents, respec-
tively, into energy (Hepher et al., 1983).
The amino acid composition of the current species was ana-
lyzed using an automated amino acid analyzer, Biochrom 30
+ Harvard Bioscience, Massachusetts, United States. The
samples were hydrolyzed with 6 M HCl at 110 C for 24 h fol-
lowing the method of Bassler and Buchholz (1993). Sulfur-
containing amino acids were oxidized, using performic acid
before acid hydrolysis.
Results and discussion
Two macrophyte species were related to the seagrasses, P.
oceanica and Halophila ovalis, while other species had a unique
phylogenetic lineage within the seaweed branch,
Heterokontophyta
The PCR amplifications of the 18S rRNA gene of the studied
species obtained 1800 bp amplicons (Fig. 3). The same size
amplicons have been recovered from the genomic DNA of
P. oceanica and Phyllospadix iwatensis (Medina-Pons et al.,
2009; Kim and Choi, 2010). The 18S rRNA gene sequences
of the current Macrophytes.1, -2 and -3 have been registered
at DNA database under accession numbers, LC027443,
LC027444 and LC027445, respectively.
The studied Macrophytes.1 and -2 showed 18S rRNA gene
nucleotide identity percentages, 94.5% and 96.8%, respec-
tively, with the species P. oceanica and H. ovalis, respectively.
Also, both of these macrophytes constituted monophyletic
clades, with their corresponding homologs, within the branch
of the phylum Streptophyta (Fig. 4a). P. oceanica is a seagrass
species that is endemic to the Mediterranean Sea, where it is
occupying an area of about 3% of the basin (Pergent et al.,
2014). Posidonia forms large underwater meadows that are
an important part of the ecosystem. This species has been
recorded intensively around Elba Island, western Mediter-
ranean (Piazzi et al., 2000). Posidonia grows best in clean
waters, and its presence is a marker for the lack of pollution(Short et al., 2007), a fact supported by the occurrence of Posi-
donia-like Macrophyte.1 in Bardawil pollution-free water.
The Macrophyte.2 showed similarity with H. ovalis, which
is a small herbaceous seagrass that occurs in sea beds and other
saltwater environments. The genus Halophila is distributed
worldwide, primarily in the tropics, but it also occurs in
south-eastern Africa and southern Australia (Short et al.,
2007). This genus is also one of the most speciose among sea-
grasses and represents an exciting challenge to better under-
stand the nature and origins of seagrasses diversity (Ruiz
and Ballantine, 2004). Hence, occurrence of macrophyte spe-
cies, which belongs to the genus Halophila in Bardawil
Lagoon, supported the idea that long distance ‘jump’ dispersal
between major ocean systems may have occurred at least in the
globally distributed Halophila species (Ruiz and Ballantine,
2004).
Both Macrophytes.1, and -2, showed phylogenetic distances
from their homologs, P. oceanica, and H. ovalis, respectively,
in the corresponding monophyletic clades, implicating new
recorded species (Fig. 4a). Posidonia is one of the most ancient
seagrass genera and displays a contrasting disjunction in bio-
geographic pattern, a concept supported by finding of Posido-
nia-like Macrophyte.1 (Aires et al., 2011). On the other hand,
results of the analyses of the nuclear ribosomal DNA indicated
that the genus Halophila may contain cryptic species, suppos-
ing Macrophyte.2 (Waycott et al., 2002).
The recorded Macrophyte.3 formed a unique phylogenetic
lineage, representing nucleotide identity average percentage,
86.5%, among the brown seaweeds, Heterokontophyta
(Fig. 4b). A seaweed may belong to one of the three known
phylogenetic groups of algae, the red algae, Rhodophyta;
green algae, Chlorophyta, and brown algae, Heterokonto-
phyta (Ariztia et al., 1991). As these three groups do not have
a common multicellular ancestor, the seaweeds are a poly-
phyletic group (Leliaert et al., 2012). The Macrophyte.3
formed a paraphyletic cluster with other known brown algae
(Fig. 4b). Worldwide, there are about 1500–2000 species of
brown algae (Misˇurcova´, 2012). Hence, the unique location
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Figure 4 Phylogenetic trees based on 18S rRNA gene sequences of current seagrass-like macrophytes (a), seaweed-like macrophyte (b)
and their corresponding sequences from database, beside out-group sequences. Average Bootstrap values, of compared algorithms, are
indicated at the branch roots. The bar represents 0.05 changes per nucleotide. Accession numbers of database extracted sequences are in
brackets.
Table 1 Nutritional values of recorded macrophytes (g/100 g
dry matter).
Component Macrophyte.1 Macrophyte.2 Macrophyte.3
Crude protein 18.88 20.63 24.67
Crude lipid 6.30 6.68 0.710
Ash 38.3 34.39 25.66
Crude fiber 34.2 31.12 10.8
Carbohydrate 2.32 7.18 38.16
Calorific content
(K cal/g) *
1.75 2.098 3.063
* Calorific content was calculated using calorific values of 5.62,
9.45, and 4.2 K cal/g for protein, lipid and carbohydrate, respec-
tively, according to Hepher et al., 1983.
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phyletic group of seaweeds.
Macrophyte.3 had the highest nutritional recommended contents
The seaweed-like Macrophyte.3 showed the highest crude pro-
tein content, recording 24.67%, among the studied species
(Table 1). Protein concentration in seaweeds varies according
to some factors, such as different species, environmental con-
ditions and it also depends on the applied method of protein
determination (Fountoulakis and Lahm, 1998; Fleurence,
1999; Lourenco et al., 2002). In previously studied brown sea-
weeds, the protein content varied between 5% and 15% of dry
matter (Burtin, 2003; Dawczynski et al., 2007). In addition, the
protein contents of eight green and red seaweeds have been
recorded, from 5.98% to 25.12% (Kailas and Nair, 2015).
Hence, the current Macrophyte.3 may belong to the seaweeds
having the highest protein content, compared with other stud-
ied seaweeds. In general, protein content in seaweeds is calcu-lated by multiplying seaweed nitrogen value, which is
determined by the Kjeldahl method, by a nitrogen-to-protein
conversion factor. In most studies, including this study, the
nitrogen-to-protein conversion factor of 6.25 has been applied.
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is varied between different types of seaweeds (Lourenco et al.,
2002). Hence, the methods of measuring protein contents in
different genera of seaweeds may need more advanced
techniques.
The seagrass-like Macrophyte.2 had higher crude protein,
20.63%, than that of the Macrophyte.1, 18.88% (Table 1).
On the other hand, the protein content of P. oceanica collected
from Egyptian western Mediterranean Sea was 60.75%, a con-
centration, which was higher than that recorded for the current
Macrophyte.1 (Shams El Din and El-Sherif, 2013). This high
difference in protein content may correlated with surrounding
environment nutrients, as the Bardawil Lagoon is an olig-
otrophic environment, compared with the Egyptian western
coast of Mediterranean (Ali et al., 2006). However, the protein
contents of the current Macrophytes.1 and -2 were much
higher than those recorded for seagrasses from Bay of Bengal,
from 0.01% to 0.59% (Pradheeba et al., 2011). Generally,
compared with seagrasses, the chemical composition of sea-
weed provides their high nutritional value contributing to
human and animal nutrients, such as proteins with all essential
amino acids (Kailas and Nair, 2015).
The Macrophyte.3 was characterized by highest concentra-
tion of threonine, and lowest concentrations of histidine and
methionine, compared with other essential amino acids of
the same macrophyte (Table 2). This result was in agreement
with the observation that histidine and methionine are the
main limiting essential amino acids of some Brazilian seaweeds
(Ramos et al., 2000). Even though some essential amino acids
are found in low concentrations in seaweed proteins, they can
be used in some cereal food products, such as pasta, to
improve taste (Prabhasankar et al., 2009). On the other hand,
glutamic acid, alanine and glycine, which are found in Macro-
phyte.3, with concentrations of 0.75, 0.45, and 0.37 g/100gm
protein, respectively, (Table 2), are the main components ofTable 2 Amino acid composition of recorded macrophytes.
Amino acids Amino acid composition (g)/100 g protein
Macrophyte.1 Macrophyte.2 Macrophyte.3
Essential amino acids
Threonine 0.26 0.12 0.71
Valine 0.35 0.21 0.40
Isoleucine 0.23 0.12 0.33
Leucine 0.42 0.26 0.55
Phenyl alanine 0.39 0.32 0.41
Histidine 0.15 0.11 0.12
Lysine 0.31 0.18 0.37
Methionine 0.09 0.04 0.17
None-essential amino acids
Aspartic 0.60 0.27 0.71
Glutamic 0.68 0.36 0.75
Alanine 0.23 0.27 0.45
Conditional amino acids
Arginine 0.57 0.46 0.34
Glycine 0.55 0.22 0.37
Tyrosine 0.25 0.22 0.31
Proline 0.32 0.17 0.26
Cysteine 0.31 0.16 0.16
Serine 0.27 0.17 0.23
Total 5.98 3.66 6.64seaweed flavor (Abbott, 1978). Both aspartic and glutamic
constituted, together, a large fraction of the amino acid profile
in Macrophyte.3, a result, which supported the amino acid
composition records of six tropical seaweeds, Sargassum
wightii, Ulva lactuca, Kappaphycus alvarezii, Hypnea musci-
formis, Acanthophora spicifera and Gracilaria corticata,
(Kumar and Kaladharan, 2007). The palatability of seaweed
is based on the presence of glutamic acid, in particular as a
component of umami taste (Misˇurcova´, 2012). Generally,
amino acid composition varied a lot, not only between differ-
ent seaweed species, but also within seaweeds of the same spe-
cies. Hence, the evaluation of true seaweed protein quality
should be done through actual results of amino acid analysis
of each species (Wong and Cheung, 2001).
The Macrophytes.1 and -2 had essential amino acid pro-
files, which were rich in leucine and phenylalanine, while poor
in methionine (Table 2). On the other hand, both Macro-
phytes.1 and -2 exhibited non-essential amino acid patterns,
in which glutamic acid constituted the major fraction of the
amino acid profiles. Both macrophytes showed the highest
level of arginine among conditional amino acids (Table 2).
The investigated Macrophyte.1 had proline, which was lacking
in P. oceanica, collected from Mediterranean coast of Italy
(Pirc and Ollenweber, 1988). However, proline may contribute
to salt tolerance mechanisms of macrophytes (Brock, 1981).
Hence, the occurrence of proline in current Macrophyte.1
seems to enable the species to grow in habitats with high salin-
ity, such as shallow Bardawil Lagoon. On the other hand, the
Macrophyte.1 was characterized by higher concentration of
glycine more than that of Macrophyte.2. Under aerobic condi-
tions, glycine is known to be the product of photorespiration
(Burris et al., 1976). This observation may be considered as a
reflection of exposing Macrphyte.1 to high light intensities,
and consequently, photorespiration might be of importance.
The total carbohydrate of the Macrophyte.3, 38.16%
(Table 1), was higher than those recorded for Mediterranean
green, red and brown seaweeds, which had average concentra-
tions of 10.83%, 10.46% and 10.19%, respectively, (El-Said
and El-Sikaily, 2013). On the other hand, carbohydrate con-
tent of Macrophyte.3 was within the range 31.02% to
75.95%, recorded for seaweeds from Kerala coast, south India
(Kailas and Nair, 2015). Generally, the amount of carbohy-
drates recorded for any macrophyte is a function to the inten-
sity of sunlight and rate of photosynthesis (El-Tawil and
Khalil, 1983).
The carbohydrate content of Macrophyte.1, 2.32%
(Table 1), was relatively similar to that of P. oceanica
(Shams El Din and El-Sherif, 2013), but generally higher than
those recorded for other seagrasses, from 0.20% to 0.87%
(Pradheeba et al., 2011). However, the high ash and crude fiber
quantities with a low recorded carbohydrate content have been
considered as disadvantages of P. oceanica, as animal food
resource (Khiari et al., 2010).
The Macrophyte.3 had the lowest lipid content, 0.710%,
while Macrophytes.1 and -2 had almost the same amount of
crude lipid (Table 1). Seaweeds possess small amounts of
lipids, ranging from 1.49% to 10.76%, and these are mostly
polyunsaturated fatty acids (Kailas and Nair, 2015). The green
seaweed Enteromorpha compressa, collected from Egyptian
Mediterranean Sea coast, had a lipid content of 4.1–4.2%,
higher than that of the current Macrophyte.3. On the other
hand, the crud lipid of Macrophyte.3 was approximate to that
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Black Sea, 0.64% (Manev et al., 2013).
Crude lipid values of the current seagrass-like macrophytes
were not a striking feature, as they showed only little difference
between the studied species (Table 1). However, the lipid con-
tent, 6.30%, of the current Macrophyte.1, was higher than that
recorded for the P. oceanica, 4.05% (Shams El Din and El-
Sherif, 2013). Crude lipid content of seagrasses, H. ovalis, H.
beccarii, C. rotundata, and C. serrulata, varied from 0.01%
to 3.2% (Pradheeba et al., 2011), concentrations, which were
less than those of the current Macrophytes.1 and -2. Variations
in the crude lipid of the seagrass species could be attributed to
age, stage of growth and ecological factors (Pirc, 1989).
The low crude fiber content of Macrophyte.3, in compar-
ison to previous studied seaweed species, 37.57–63.39%
(Kailas and Nair, 2015), increases the chance of using Macro-
phyte.3 in animal feeding.
Calorific values (Table 1) represented the major energy
sources, which were crude protein, lipid and carbohydrate in
Macrophytes.1 and -2; and crude protein and carbohydrate
in Macrophyte.3. The calorific content of the Macrophyte.3
(Table 1) was in the same range of other seaweeds, 1.39–
3.52 kcal g1 (Kailas and Nair, 2015), but higher than those
of the current seagrass-like macrophytes. The calorific value,
1.75 kcal g1, of the Macrophyte.1 was almost half of that
recorded for P. oceanica, 3.93 kcal g1 (Shams El Din and
El-Sherif, 2013). This obvious difference in calorific content
may be due to the high protein content, 60.750%, recorded
for P. oceanica (Shams El Din and El-Sherif, 2013), compared
with that of Macrophyte.1.
Conclusion
The present study was conducted to molecularly characterize
three dominant macrophytes in Bardawil Lagoon and find
out the proximate nutritional composition of these macro-
phytes. The phylogenetic analyses located two of the studied
macrophytes in the phylum of Streptophyta, belonging to
Mediterranean seagrasses, P. oceanica and H. ovalis. The third
macrophyte had a unique phylogenetic position in the phylum
Heterokontophyta, brown seaweeds.
In general, there is a clear cut spatial variation in the bio-
chemical content of the studied seagrass- and seaweed-like spe-
cies. This variation may depend on genome, which shapes the
metabolic processes of the macrophyte, besides the surround-
ing environment conditions, such as nutrients available in
the ambient water and the mode of utilization of these nutri-
ents, which are different between seaweeds and seagrasses.
The present study has indicated that the seaweed-like Macro-
phyte.3 had the highest nutritional values among the studied
macrophytes, suggesting that it can be used as a source to feed
aquatic animals, such as mullet fishes and giant turtles, which
are abundant in Bardawil Lagoon. However, further studies
are needed for introducing these studied species to human
food.
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